[1] We present four new records of the Iceland Basin Excursion (IBE) and five new records of the Laschamp Excursion (LE) obtained from rapidly deposited marine sediments in the North Atlantic Ocean, the Nordic Seas, the Gulf of Mexico, the South China Sea, and the southern Indian Ocean. Marked minima in relative paleointensity correspond with the paleomagnetic directional changes associated with all of the excursion records. The virtual geomagnetic pole (VGP) paths of the four IBE records are all similar. The VGPs move southward over Europe and Africa, reaching the southern hemisphere (three reach Antarctica), and then move to more eastern longitudes before returning northward over Australia and east Asia, describing a large counterclockwise loop. The same VGP pattern is observed in other published records. The VGP paths observed for the LE are similar to those of the IBE; however, they loop clockwise instead of counterclockwise. Despite the different sense of looping, the marked similarity among the paths for the two excursions suggests that a similar, relatively simple geometry dominated the transitional field during both the IBE and the LE. Similar dynamo mechanisms must therefore have been active in the Earth's core for both excursions. The duration of the excursions is estimated at <2,000 years, which supports the suggestion that a difference exists between the mechanisms for excursions and reversals. However, the coincidence of the longitudinal bands for VGPs associated with excursions compared to some reversal paths could also indicate an inherent link between the mechanisms for reversals and excursions.
Introduction
[2] Many records of geomagnetic field behavior during polarity reversals have been acquired in recent years and have given rise to an unresolved controversy. The first compilations of virtual geomagnetic pole (VGP) paths during reversals suggested that they would preferentially lie within longitudinal bands through the Americas and east Asia [Clement, 1991; Laj et al., 1991] ; these regions coincide with lower mantle heterogeneities that could have induced persistent flow patterns in the Earth's outer core [Laj et al., 1991] . However, it was also suggested that the VGP paths appeared to lie 90°away from their respective site longitudes, which, if true, would suggest possible artifacts in sedimentary recording of the geomagnetic field [Langereis et al., 1992; Valet et al., 1992; McFadden et al., 1993] . No clear answer has yet been developed for this important issue, but it has stimulated wide interest and a large number of studies.
[3] It was not initially realized that excursions might have a different nature to reversals, so their VGP paths have often been considered together with reversal paths when statistically testing the hypothesis of preferential bands for transitional VGP paths [Laj et al., 1991; McFadden et al., 1993] . It has, however, been suggested that excursions might occur when the field reverses in the Earth's liquid outer core, which has timescales of the order of 500 years or so, whereas full geomagnetic reversals can only occur when the field in the solid inner core reverses polarity, which occurs by diffusion on timescales of $3 kyr [Gubbins, 1999] . Excursions therefore have the potential for exploring the complex mechanisms associated with the geomagnetic dynamo, alongside the study of reversals.
[4] The study of geomagnetic excursions has progressed relatively slowly for several reasons. It is difficult to locate and detect such relatively short events in volcanic sequences due to the normally low eruption frequency of volcanoes and because such short-lived phenomena can be easily smoothed out of the record in relatively slowly deposited sediments [cf. Roberts and Winklhofer, 2004] . There are also difficulties in precisely correlating excursions at distant sites, which can make it difficult to assess whether two excursion records are coeval. Consequently, the few existing studies of vector changes of the field during excursions do not provide sufficiently large geographic coverage of sampling sites to adequately constrain the geometry of the transitional field. Many more well dated records are needed for most excursions to address the nature of the geomagnetic field during excursions.
[5] We report here new data (directions and relative intensity changes) for the Iceland Basin excursion (IBE) and for the Laschamp excursion (LE). These new data were obtained from four marine cores from the North Atlantic Ocean and the South China Sea for the IBE and from five new records for the LE from the North Atlantic Ocean and Nordic Seas, the Gulf of Mexico and the southern Indian Ocean. When combined with published data for the same excursions, the broad geographic coverage of available records allows us to suggest that a simple geometry may have characterized the geomagnetic field during these two excursions.
Core Locations, Sampling, and Laboratory Methods
[6] Two of the four new records reported here for the IBE originate from the North Atlantic Ocean at different locations from the Ocean Drilling Program (ODP) sites for which this excursion is named [Channell et al., 1997; Channell, 1999] . This extends the geographical sampling area for the IBE in the North Atlantic Ocean. The two cores were collected during the GINNA IMAGES cruise of the Marion Dufresne of the French Polar Institute, one of which (MD99-2242) lies on the Eirik Drift, south of Greenland, while the second (MD99-2247) is from the western flank of the Reykjanes Ridge. The two other records were obtained from the South China Sea at ODP sites 1145 and 1146 that were cored during ODP Leg 184. A common characteristic of the four sites is the relatively high sediment accumulation rates, which varied from 7 to 15 cm/kyr, as evaluated from oxygen isotope studies conducted on the respective cores (see below), which were interpreted using the orbitally tuned SPECMAP timescale [Bassinot et al., 1994] . These sedimentation rates lie within the range required for adequate recording of excursions in environments with shallow remanence lock-in, as predicted by Roberts and Winklhofer [2004] .
[7] The five new records presented here for the LE were obtained from core MD95-2034 from the Bermuda Rise (IMAGES cruise MD-101), core PS2644-5 from a cruise of the Polar Stern northwest of Iceland, cores MD02-2251 and MD02-2252 from the Orca Basin of the Gulf of Mexico during the PAGE IMAGES cruise of the Marion Dufresne, and from core MD94-103 from the southern Indian Ocean during the PACIMA cruise of the Marion Dufresne.
[8] Core locations are shown in Figure 1 and coordinates of the cores and the water depths at which they were recovered are presented in Table 1 . The locations of the cores studied by other authors and discussed here are also indicated in Figure 1 and Table 1 . There is a 10-40°latitude difference and about a 160°difference in longitude among the cores sampled for the IBE, and a difference of roughly 112°in latitude and 150°in longitude among those used to study the LE.
[9] U-channel samples were collected for paleomagnetic analysis by pushing rigid u-shaped plastic liners (2 Â 2 cm square cross-section and 1.5 m in length) into the working halves of the cores. The Orca Basin is characterized by sedimentation rates that vary significantly on short timescales, in particular during the LE. In order to improve the resolution in intervals where the sedimentation rate was low, we also sampled additional 1-cm slices from core MD02-2552. Core MD94-103 had no suitable sediment remaining for such detailed directional analyses. Small amounts (0.3-0.5 g) of sediment were taken at regular intervals in all of the cores for magnetic hysteresis and thermomagnetic analyses.
[10] Measurements of the remanent magnetization were made at 2-cm intervals with a 2-G Enterprises model 755-R cryogenic magnetometer that is housed in the mu-metal shielded room at the LSCE. The spatial resolution of the pick-up coils is about 4 cm, so only one out of two measurements is independent and there is some smoothing of the signal [Weeks et al., 1993] . The standard Figure 1 . Map of core locations of excursion records considered in this paper. Squares (circles) are for the cores in which the Laschamp excursion (Iceland Basin excursion) was studied. Cores labeled in italics represent excursion records reported in the literature. Coordinates of the studied cores are reported in Table 1 . measurement routine comprised stepwise alternating field (AF) demagnetization of the natural remanent magnetization (NRM) in 10 to 13 steps from 0 to 60 mT or to 70 mT, beyond which the noise level of the magnetometer was reached and erratic results were obtained. The directional stability of the paleomagnetic vector was assessed during demagnetization by generating demagnetization plots at 2-cm stratigraphic intervals. The same demagnetization procedure for the NRM was applied to discrete samples (1-cm slices) taken through the final part of the excursion in core MD02-2552.
[11] An anhysteretic remanent magnetization (ARM) was imparted using a 100 mT AF and a 0.05 mT bias field. The ARM was then measured and stepwise demagnetized using the same steps as for the NRM. The translation speed of the u-channels during acquisition of ARM was 1 cm/ sec and 4 cm/sec during demagnetization of NRM and ARM. Translation speeds higher than these values can lead to incomplete acquisition of ARM and incomplete demagnetization of the NRM and ARM [Sagnotti et al., 2003; Brachfeld et al., 2004] .
[12] The isothermal remanent magnetization (IRM) was imparted in six steps up to 1 T using a 2-G Enterprises pulse magnetizer (solenoid) that is arranged in-line with a 2-G Enterprises cryogenic magnetometer with RF-SQUIDs. At each acquisition step, two successive pulses were applied. After imparting an IRM at 1 T, a reverse field of 0.3 T was applied and the magnetization was measured in order to allow calculation of the S-ratio (where S-ratio = ÀIRM À0.3T /IRM 1T [King and Channell, 1991] ).
[13] Although the low-field volume magnetic susceptibility (k) was measured on board the research vessels during the respective cruises, measurements were repeated in the magnetically calmer environment of our laboratory. U-channel samples were systematically used and measurements were made at 2-cm intervals, using a horizontal translation system. The Bartington Instruments sensing coil used in our laboratory has a spatial resolution that is similar to that of the cryogenic magnetometer.
[14] Magnetic hysteresis measurements of small sediment samples (5 -10 mg) were performed using an alternating gradient magnetometer (Princeton Measurements Corporation AGM 2900). Variations in the grain size of the magnetic minerals were investigated by plotting the ratio of ARM to the low-field magnetic susceptibility [Banerjee et al., 1981] and the ratio of the remanent magnetization to the saturation magnetization (M r /M s ) versus the ratio of the coercivity of remanence to the coercive force (H cr /H c ) [Day et al., 1977] .
[15] Thermomagnetic analyses were made in an argon atmosphere for selected samples using a horizontal Curie balance. In cores from the South China Sea, where the magnetic mineral contents were too low for Curie balance analysis, we investigated the nature of the magnetic minerals by studying the thermal decay of a composite IRM using the method of Lowrie [1990] .
Results

Core Stratigraphy and Identification of the Excursions
[16] In each studied core, the excursions were clearly identified by a large paleomagnetic directional change associated with a relative paleointensity minimum (see below). [Clemens and Prell, 2003] ). The records from the North Atlantic Ocean, according to the orbitally tuned SPECMAP timescale [Bassinot et al., 1994] , place the IBE at the transition between marine isotope stage (MIS) 7 and 6, which is dated at about 185 ka [cf. Channell et al., 1997; Channell, 1999] . Average sedimentation rates during the excursion ranged from 7 to 10 cm/kyr for all of the studied cores. In the South China Sea, the planktic oxygen isotope records at the two ODP sites have considerable environmental variations associated with monsoon dynamics [Clemens and Prell, 2003] . Therefore, at both sites, the age model was based on the benthic record from Site 1146 [Clemens and Prell, 2003 ] that we transferred to Site 1145 by correlating between the two planktic records. At the two sites, the average sedimentation rate was about 15 cm/kyr and the excursion is located precisely at the boundary between MIS 7 and 6.
[17] The LE is located within MIS 3, which puts it within reach of radiocarbon dating. In addition, in areas where rapid climatic changes associated with the Dansgaard-Oeschger cycles [Dansgaard et al., 1993] are identified, it has been shown that the LE occurred during interstadial 10 [Baumgartner et al., 1997; Laj et al., 2000; Wagner et al., 2000] , at about 41 kyr in the age model for the GISP2 ice core. This age is consistent with recent radiometric dating of the excursional lava flow at the Laschamp locality [Guillou et al., 2004] . Radiocarbon datings obtained for one core from the Orca basin (MD02-2551) are consistent with an age of about 40-41 kyr for the geomagnetic excursion recognized at about 27.5 m in this core [Hill et al., 2004] . This age model has been transferred to the twin core MD02-2552 using the low-field magnetic susceptibility and grayscale reflectance as correlation parameters. In the North Atlantic Ocean and Nordic Seas, cores MD95-2034 and PS2644-5 both contributed to the NAPIS-75 paleointensity stack . In these cores, the LE is coeval with interstadial 10, which has been recognized using magnetic properties [Kissel et al., 1999] and the carbonate content for core MD95-2034 [Adkins et al., 1997] . A planktic oxygen isotope record for core MD94-103 from the Kerguelen Plateau (southern Indian Ocean) places the LE within MIS 3 and the age model could be refined by transferring the GISP2 age model using the correlation between NAPIS-75 and the paleointensity record from this core [Mazaud et al., 2002] . In the following discussion, results from all cores will be reported versus age.
Natural Remanent Magnetization
[18] Representative NRM demagnetization data from both excursions are shown in Figure 2 . Inclinations and declinations of the characteristic remanent magnetization (ChRM) were determined by principal component analysis using software developed by Mazaud [2005] . The software allows selection of the portion of the demagnetization diagram over which the ChRM is determined, which can differ from horizon to horizon. This allows separation of the ChRM from the coringinduced overprint in the ODP cores. 
Nature of the Magnetic Minerals
[19] The magnetic mineralogy of ODP Site 1146 and of cores MD95-2034, PS2644-5 and MD94-103 has already been investigated in detail [Kissel et al., 1999 [Kissel et al., , 2003 Laj et al., 2000; Mazaud et al., 2002] . The main magnetic mineral is fine-grained low-Ti magnetite, with a small amount of higher coercivity minerals during cold climatic stages at Site 1146. For the other cores, thermomagnetic analysis (or results of the Lowrie [1990] method) invariably reveals Curie temperatures in the range of 570 -590°C, which is typical of magnetite ( Figure 4 ). This is consistent with S-ratio values, which indicate the dominance of a low coercivity mineral ( Figure 4) . As is the case for Site 1146, cold stages are also characterized by the presence of small amounts of higher coercivity minerals at Site 1145. Also, ARM versus k diagrams ( Figure 5 ) indicate that down-core changes in magnetite concentration never exceed a factor of 6 and that the magnetic grain size is uniform through the excursions, which is also confirmed by magnetic hysteresis results. All of the studied sediments therefore meet the selection criteria for reliable relative paleointensity determinations [Tauxe, 1993, and references therein] .
Relative Paleointensity Records
[20] Records of relative paleointensity were generated using k, ARM and IRM as normalizers for the NRM, after demagnetization of the respective remanent magnetizations in a 25 mT peak AF. Similar, often virtually identical, results were obtained with the three normalizers (Figure 6 ), which is a good indication that the sediments provide reliable relative paleointensity determinations [Tauxe, 1993] . Records of relative paleointensity using ARM as a normalizer are shown for all of the cores studied here in Figures 3a and 3b .
There is a significant intensity minimum that coincides with the directional excursion in each record.
Virtual Geomagnetic Pole (VGP) Paths
[21] The VGP paths obtained in this study for the IBE and the LE are shown in Figure 7 . The VGP 2005GC001122 paths for the IBE are strikingly similar for the four cores from the North Atlantic to the South China Sea (Figure 7a ). During the first part of the IBE, the VGPs remain at high northern latitudes and then move southward over Africa along a narrow band of longitudes before crossing the equator and reaching high southern latitudes (fully reversed polarity directions). The VGP path for core MD99-2242 is less well resolved, with poles crossing the southern Indian Ocean rather than reaching Antarctica. All of the VGPs then move back to the northern hemisphere within a longitudinal band over east Asia.
Geochemistry Geophysics
[22] A coherent picture is also observed for the LE (Figure 7b ). For this excursion, the southward directed part of the VGP paths first passes over east Asian/western Pacific longitudes and then reaches high southern latitudes. This is clear in all of the records. In core PS2644-5, this first part of the excursion is perturbed; the declinations are scattered, partly because of the high northern latitude of this coring site and also because a break between two core sections coincides with the beginning of the excursion. The edge effects inherent to u-channel measurement [e.g., Weeks et al., 1993] make it impossible to correctly measure the first part of the excursion for this core. Unfortunately, the core could not be resampled with discrete samples, so the early part of the excursion remains poorly defined in this record. In records Figure 2 . Representative demagnetization diagrams for the two studied excursions from different cores (the depth in the core and interpreted age are given underneath the name of the core). Black (white) circles represent projections onto the horizontal (vertical) plane. Shaded lines indicate the best fit line obtained using principal component analysis; the declination, inclination, and maximum angular deviation (MAD) value for each of these fits is stated for each diagram. 2005GC001122 where the later part of the excursion is well defined from the u-channel samples, as it is in cores MD95-2034 and PS2644-5, the northward directed part of the VGP path proceeds over Africa and western Europe. Low sedimentation rates during the second part of the excursion in both records from the Orca basin and in the record from the southern Indian Ocean mean that the return path is defined by only one or two points in the u-channel records. For core MD02-2552, the discrete 1-cm samples taken in this part of the core improve the resolution of the return path. They yield intermediate VGPs first over northwestern Europe and then over north Africa. The clockwise looping path is similar in its geographical extent to those obtained from the other sites. For the LE as well as for the IBE, the turning point where the VGPs change from being southward to northward directed coincides with the minimum in relative paleointensity.
[23] All of the VGP paths for each excursion are superimposed in Figure 8 . In addition, we also Figure 3a . Records of declination, inclination, maximum angular deviation (MAD), and normalized relative paleointensity (NRM/ARM) for the Iceland Basin excursion from the four studied sites. record from Lake Baikal [Oda et al., 2002 ] meet this strict dating requirement. This requirement leads to exclusion of lake sediment records from western North America [Liddicoat, 1990; HerreroBervera et al., 1994; Negrini et al., 1994] [24] For the IBE, the similarity of the different paths is clear when they are all displayed together (Figure 8a ). The records from ODP sites 983 and 984 from the North Atlantic Ocean yield a detailed picture of the VGPs during the entire excursion, which is entirely consistent with that of our records. The record from Lake Baikal is less detailed. During the first half of the excursion, the VGP path lies clearly over northern Europe and Africa, although with some scatter. The VGP path during the second half of the excursion is described by only three points. The general pattern, however, is clearly that of a large counterclockwise loop, which lies over the same regions as the more detailed records. Therefore, in all cases, the overall picture of the VGP paths for the IBE is that of a counterclockwise loop that passes southward over western Europe and Africa and northward over east Asian longitudes.
[25] For the Laschamp excursion, an opposite picture is systematically observed (Figure 8b) , with the two records of Lund et al. [2005] confirming those reported here. The VGP paths first move southward over east Asian/western Pacific longitudes, reaching high southern latitudes in the Indian Ocean and returning over Africa and western Europe. All of the records are therefore characterized by a clockwise loop over similar longitudinal bands as those observed for the IBE. [26] One of the main points considered in the controversy surrounding interpretation of VGP paths for geomagnetic reversals was the tendency for these paths to systematically lie 90°away from their respective site longitudes. It was suggested that this could arise from shallowing of inclinations due to imperfect recording of the geomagnetic field by sediments during periods of low intensity, when gravitational forces might prevail over the aligning force of the geomagnetic field [McFadden et al., 1993; Quidelleur and Valet, 1994] . Inclination shallowing is not observed here, as particularly Figure 5 . Grain sizes of magnetite, as illustrated by plots of ARM versus k [cf. Banerjee et al., 1981] , within the intervals spanned by the Iceland Basin and Laschamp excursions for all nine studied records. The factors by which the ARM and k vary are indicated by the arrows parallel to each axis. The amount by which these parameters vary is stated beside the arrows. All of these values fall within the limit of 10 stipulated by Tauxe [1993] as being suitable for relative paleointensity determinations. (Figures 3a and 3b ). There is also no general tendency for these VGP paths to systematically lie 90°away from the respective site longitudes: the western EuropeanAfrican path (i.e., the normal to reverse part of the path for the IBE and the reverse to normal part for the Laschamp excursion) is situated roughly between 45°(ODP sites 983 and 984) and 110°( MD02 sites) of longitude away from the sites in the Atlantic Ocean and Gulf of Mexico, and at about 100°of longitude away from the sites in the South China Sea. The other path, over east Asia and the western Pacific, lies some 150°away from the Atlantic sites and 140°of longitude away from the sites in the Gulf of Mexico and 0°to 40°of longitude away from the South China Sea sites. Apart from the Orca Basin cores, where, because of the low sedimentation rate, analysis of u-channel samples has smoothed the second half of the excursion, this measurement technique does not appear to have significantly distorted the paleomagnetic signal. In the North Atlantic, for instance, records of the LE obtained with u-channels or with discrete samples display virtually identical inclination records [see Laj et al., 2000, Figure 6b ]. In addition, it has been shown that in the North Atlantic and Nordic Sea cores, that make up the NAPIS record, postdepositional remanence acquisition is negligible [Kissel et al., 1999; Laj et al., 2000] . The similarities among records from widely separated geographical areas indicate that significant delays in remanence acquisition are probably unlikely at the studied sites outside the North Atlantic. These observations indicate a shallow lock-in of the magnetization, and the high sedimentation rates place the respective records within the range expected for reliable recording of excursions within sediments with shallow remanence lock-in [Roberts and Winklhofer, 2004] . The studied sediments therefore appear to reliably record geomagnetic field changes even when the field had low intensities within the excursions.
[27] Roberts et al. [1997] documented an excursion in the North Pacific Ocean at ODP Site 884. Preservation of foraminifera was poor at this site, so age control depended on an oxygen isotope stratigraphy from the shallower Site 883 [Keigwin, 1995] , which was then transferred to Site 884 by detailed correlation of magnetic susceptibility records [Roberts et al., 1997] . The oxygen isotope stratigraphy is not well defined in the vicinity of the MIS 7/6 boundary, so dating for this interval was achieved by interpolation. Roberts et al. [1997] argued that the excursion corresponds to the IBE on the basis of this age interpolation, which corresponds well with a large relative paleointensity minimum that correlates with a marked minimum at $190 kyr in the global paleointensity stack of Guyodo and Valet [1999] . We show the VGP path for this excursion in Figure 9 and discuss it further below (details of the magnetic properties of ODP Site 884 are presented by Roberts et al. [1997] ).
Discussion
[28] Although the sense of movement along the VGP paths is opposite for the IBE and the LE (i.e., counterclockwise versus clockwise), the striking similarity of the two sets of paths suggests that similar mechanisms must have prevailed in the Earth's core during the two excursions. In addition, the simple structure of the paths can be taken as a strong indication of a simple geometry of the transitional geomagnetic field for both excursions. Our data therefore do not support the generally held idea that the pronounced intensity minima that coincide with directional excursions reflect the emergence of nondipole geomagnetic components [e.g., Merrill and McFadden, 1994; Guyodo and Valet, 1999] . If nondipole fields were dominant, one should observe widely different paths at the different sites, which is not the case here. On the contrary, the VGP paths and the intensity records for the two excursions are consistent with a decrease of the axial dipole, a substantial transitional equatorial dipole and a significantly reduced nondipole field relative to the axial dipole. During the first, N!S part of the IBE path, over Europe and Africa, the g 1 1 term of the equatorial dipole appears to be preponderant, while h 1 1 appears to be dominant during the R!N part of the excursion. For the LE, the opposite is true, with the first part dominated by h 1 1 and the second part dominated by g 1 1 . As indicated by the relative paleointensity records, the intensity of the field is substantially reduced during the excursions. Therefore the dominance of dipolar fields during the excursions implies that the amplitudes of the nondipole components were also substantially reduced during the excursions relative to both the axial dipole and to their usual nonexcursional values. While additional records from a wider geographical area (e.g., the Pacific hemisphere) need to be considered to fully assess the geometry of the excursional field, the similarity of records with such broad geographical coverage makes it difficult to consider the excursional field during these two excursions as being largely nondipolar.
[29] The fact that our records, and other published records of the IBE and the LE, unambiguously support the hypothesis that the geomagnetic field during these excursions was characterized by a simple, dipole-dominated, geometry begs the question as to whether this could generally be the case for all excursions. The fact that we have only studied two excursions in detail, and that only a small number of detailed studies have been published, makes this question impossible to answer. Nevertheless, it should be noted that the VGP paths for the excursion recorded at Summer Lake, Long Valley and Pringle Falls [Liddicoat, 1990; HerreroBervera et al., 1994; Negrini et al., 1994] , which all represent the same excursion (the Pringle Falls excursion), contain clockwise loops like the Laschamp excursion. However, these loops lie on different longitudes to those presented here. This indicates that at least some excursions follow different VGP paths. Regardless, the nature of the configuration of the excursional field for the Prin- gle Falls excursion cannot be more firmly established without a broader geographic distribution of detailed records. The VGP path shown in Figure 9 for the excursion reported by Roberts et al. [1997] follows a clockwise loop and a geographical pattern that is more similar to the Pringle Falls paths [Liddicoat, 1990; Herrero-Bervera et al., 1994; Negrini et al., 1994] than to the counterclockwise pattern described above for the unambiguously identified IBE records presented here. Given that this excursion record is dated on the basis of an indirect correlation, we cannot consider its dating with the same degree of confidence as the other IBE records presented here. Should more direct evidence unambiguously tie the stratigraphic interval associated with this excursion at ODP Site 884 to the MIS 7/6 transition, and therefore identify this excursion as a record of the IBE, then its associated VGP path (Figure 9 ) would be an outlier with respect to all of the other records reported here. A slightly different, more complicated geometry should then be assumed for the IBE. However, restricting our synthesis to records with the most precise chronologies suggests a simple geometry for the geomagnetic field during the IBE.
[30] The east Asian longitudinal band identified in the excursional VGP paths coincides with one of the preferred longitudinal bands for geomagnetic reversal paths suggested by Laj et al. [1991] . Our data provide new evidence that this longitudinal band might play an important role during geomagnetic reversals, whether it be associated with reversals or excursions. The longitudinal band over western Europe and Africa, on the other hand, is not evident in compilations of sedimentary reversal paths [Laj et al., 1991] . However, it does appear in more recent sedimentary records compiled and discussed by Glen et al. [1994 Glen et al. [ , 1999 [31] Considering the suggestion by Gubbins [1999] that the geomagnetic field might reverse in the Earth's liquid outer core during excursions, which occurs on timescales of 500 years or so, but not, as must be the case for polarity reversals, in the solid inner core, where the field changes by diffusion with timescales of 3 kyr, we have estimated the duration of the IBE in the studied cores using the SPECMAP-tuned oxygen isotope stratigraphy for the respective cores. For all four records, the results indicate a duration of 2,000 years or less for the full directional excursion (N!R!N) associated with the IBE. This is consistent with the 1500-2000 Figure 9 . VGP path for the excursion reported by Roberts et al. [1997] in the vicinity of the MIS 7/6 boundary. The VGP path is completely different than those shown for all known records of the IBE (Figure 8a ), but it is similar to records of the poorly dated Pringle Falls excursion from lacustrine sediments from western North America [Liddicoat, 1990; Herrero-Bervera et al., 1994; Negrini et al., 1994] . Given the indirect nature of the dating evidence associated with the excursion at ODP Site 884, we cannot confidently link it to the IBE, so we do not include it in our synthesis in Figure 8 . year duration of the LE based on the NAPIS-75 and GLOPIS-75 records . This provides clear support for the suggestion of Gubbins [1999] that there is a distinction between geomagnetic reversals and excursions. On the other hand, the observed coincidence between the two longitudinal bands for transitional VGPs during the IBE and LE and those for some sedimentary and volcanic records of reversals also indicates an inherent link in the mechanisms of the geodynamo that led to a reversal or an excursion.
Conclusions
[32] The paleomagnetic records presented in this study strongly suggest that the geomagnetic field during the IBE and the LE was characterized by a simple transitional geometry. The axial dipole underwent a substantial decrease, while the equatorial dipole was preponderant during the excursions. Contrary to usually held ideas, the full nondipole field also decreased significantly relative to the axial dipole field, although the presence of a limited nondipole contribution cannot be excluded. This last possibility could account for the secondorder differences among the paths, along with possible (unrecognized) core deformation or artifacts produced by sampling and measurement techniques.
[33] The VGPs for the two excursions (separated in time by 140 kyr) followed the same path, which might suggest a deep-Earth (i.e., lower mantle) control on the excursional field geometry that is stable for longer time periods than the time constants associated with the outer core. Nevertheless, despite the fact that the excursional VGPs follow the same path, the sense of looping of the paths is opposite for the Iceland Basin and Laschamp excursions. The duration of these excursions, based on constraints from oxygen isotope stratigraphy, is estimated at less than 2,000 years. This duration is shorter than the $3 kyr timescale of diffusive field changes in the Earth's solid inner core, which must reverse polarity in order for a full geomagnetic reversal to occur. The fact that our estimate of excursion duration is shorter than 3 kyr provides support for the suggestion by Gubbins [1999] that there is a distinction between geomagnetic reversals and excursions. Nevertheless, the similarity of our excursional VGP paths with the longitudinal bands often observed in records of geomagnetic polarity transitions [Laj et al., 1991; Valet and Herrero-Bervera, 2003 ] suggests that there could also be an inherent link in the mechanisms that give rise to geomagnetic excursions and reversals.
